Abstract. To achieve a human-like grasp for prosthetic hands, this paper proposes a masterslave control system for the prosthetic hands based on the Cybleglove II. The movement characteristics of human finger joints were acquired via the data glove, and analysed by the LabVIEW real-time control system simultaneously. Then the data were used to control the prosthetic hand. A series of experiments were conducted on the master-slave control system, whose result verifies the effectiveness of the master-slave control method.
Introduction
The control system in a prosthetic hand is thought to be the key factor in designing an automatically grasping system. With the emergence of advanced control technologies, many researchers have been pursuing a design of a high-performance control system for prosthetic hands for years but with limited success. Our brain can control our hand to grasp what we want perfectly. However, it is very difficult for a prosthetic hand, which cannot get the information of our brain to grasp the objects, to be controlled as a human-like prosthetic hand.
In the last two decades, the grasping research of prosthetic hands has drawn much attention of the control engineering community. A part of these researchers focuses on the control of prosthetic hands based on Electromyography (EMG) signals [1] [2] [3] [4] [5] [6] [7] [8] . Some researchers [9] [10] propose a real-time EMG pattern cognition approach by using wavelet transform. The patterns of motion have been identified by EMG. In addition, an EMG signal is a complicated signal, which can be used to control the prosthetic hand to grasp objects online. However, EMG signal produce noise while being traveled through different tissues. Moreover, the EMG detector collects signals from different motor units at a time, which may cause the interaction among different signals [11] .
This paper presents an approach to control the prosthetic hand by using Cybleglove. The motion characteristic of finger joints were acquired via the Cybleglove, and then analyzed by the LabVIEW real-time control system, and the master-slave control system controls the prosthetic hand to grasp the object according to the analyzed motion data of human hands. In addition, the simulation analysis of the master-slave system is carried out, and the control performance of the control system is also examined by a series of experiments.
Description of the testbed
The testbed is shown in Figure 1 The data glove shown in Figure 1 (b) is used in the experiments described in this paper. The Cyberglove II is an advanced data glove designed specifically for the recognition of signal information. It uses the proprietary resistive bend sensing technology to transform finger motion data into real-time diagonal joint angle data accurately. For this study, the required movement data were obtained by a PC and then sent to the LabVIEW real-time system simultaneously, and the data of 22 Cyberglove sensors were recorded with the sampling frequency of 50Hz.
Master-slave control scheme
There are two key factors in designing a master-slave control system for a prosthetic hand. One is the motion mapping relation between a human hand and a prosthetic hand, and the other is how to control the prosthetic hand to track the movement of a human hand.
We presented a method of motion mapping based on joint mapping and the fingertip position, and established a mathematical model of a prosthetic hand. The selected coordinate system is shown in In addition, because the size of a prosthetic hand is larger than that of human hand, we get the fingertip position of the prosthetic hand by transition parameters in the Eq.3.
According to the structural features of human hand and prosthetic hands, a master-slave control scheme based on the data glove was constructed in this paper, and is shown in Figure 3 . The data glove acquires the movement of human's finger joints, and then the data was analyzed by the LabVIEW real-time control system to obtain the corresponding movement of the prosthetic hand and human hand joints. Once the data glove obtains the grasp information, the real-time control system controls the prosthetic hand to grasp the object simultaneously.
The master-slave control system consists of three parts: the acquisition system, the prosthetic hand driving system and the sensor feedback system. The flow chart of master-slave control system is shown in Figure 4 . From Figure 4 (c), we can see that while the prosthetic hand tries to grasp the objects, it cannot response as fast as human hand. However, when the prosthetic hand stops grasping the object, it can also be seen that its last position are almost the same. This experiment result proves that the prosthetic hand performs well during grasping.
Then the experiments were conducted on the master-slave control system. The angle values of finger's three joints were acquired by the data acquisition glove system, and the data were sent to the controller to achieve a human-like grasp of the prosthetic hand. The experiments were conducted as follows: the data glove was operated by the experimenter, and the data of movement of three joints were acquired by the data glove; then the data were used to control the prosthetic hand online, when the experimenter tries to grasp the object, the data were analyzed by the real-time control system. The first set of experiments was carried out on the data glove and master-slave control system of the prosthetic without grasping an object.
The first set of experiments was conducted as follows: the data glove was fitted on the experimenter's hand; when the experimenter tried to grasp the object, the data of the whole movement process of the hand were recorded simultaneously, i.e., the experimenter finished the grasping process with a visual feedback system by human sensing; then the movement data were used in the masterslave control of the prosthetic hand to imitate the human hand's movement. The result of index finger is shown in Figure 6 . From the experiment results in Figure 6(c), (d) and (e), we can see that the track error ranges from -0.4 rad to 0.4 rad, but the fingertip positions of the prosthetic hand and human hand match well. In addition, we can also see that the movement trajectories of human hand and prosthetic hand were almost the same. This result proves that the master-slave control is useful.
In the second set of experiments, we conducted the experiments as the prosthetic hand trying to grasp the object like a human hand. The experimenter tries to grasp the cup, and then the fingers' movement data were used to control the prosthetic hand to track the human hand movement. The experiment results of index finger are shown in Figure 7 . From Figure 6 , we can see that the master-slave control has good performance during the grasping , and that the prosthetic hand can grasp the object in real time. This proves that our master-slave control system is useful. From Figure (c) and (d), we can find that during the grasping of the prosthetic hand, the angles of joint movement and the position of the human hand which are acquired by the data glove match well with actual values. This proves the motion mapping and control is reasonable. In addition, when the prosthetic hand grasps the object, the average grasp force is about 2.75N and the maximal and minimum grasping force are 2.5N and 2.9N respectively, which proves that the master-slave control system can control the grasping to be like human.
Conclusions
A master-slave control scheme was proposed base on CyberGlove II. Then experiments were conducted to exam the performance of the control system under a series of different conditions, whose results demonstrate the effectiveness of the master-slave control system. However, it should be noticed that there are still control errors in the use of the master-slave control system. This may because the accuracy of control system. The future work will be concentrated on improve the accuracy of master-slave control system. 
